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 Egg cannibalism plays a major role in the life histories of Glaucous-winged Gulls 
(Larus glaucescens) breeding at Protection Island, Washington. Gulls, along with other 
birds, visualize reflected ultraviolet (UV) light and I wondered if reflected UV light plays 
a role in determining which eggs are selected for cannibalization. Motivated by studies 
showing that tree-nesting bird eggs coated with a UV-blocking agent were less subject to 
predation than control eggs, I tested whether ground-nesting Glaucous-winged Gulls 
would preferentially predate control chicken eggs over those coated with a UV-blocking 
agent. Early during five mornings I formed artificial nests at randomly-determined 
locations in the Protection Island colony. One UV-blocked or one non-UV-blocked egg 
was placed in each nest. Nests were checked at 2-hour intervals. Poisson regression 
showed that, contrary to expectation, UV-blocked eggs were taken earlier than control 
eggs (p = 0.0659). This effect disappeared on days with rain (p = 0.288–0.289); however, 
this effect was more pronounced on days without rain (p = 0.0312). Moreover, eggs of 
both types survived less time during progressively later days (p < 0.001).  
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Intraspecific predation, also known as cannibalism, has been observed in many 
organisms (Fox, 1975) ranging from bacteria (González-Pastor, Hobbs, & Losick, 2003) 
to large mammals such as polar bears (Ursus maritimus; Russell, 1975) and humans 
(Homo sapiens; Schutt, 2017). Polis (1981) reported that cannibalism had been 
discovered in about 1,300 species. Cannibalism was long considered to be an uncommon, 
aberrant behavior, due to unusual natural conditions or an artifact of laboratory 
conditions (Fox, 1975; Polis, 1981). Cannibalism, however, is now considered to be a 
normal phenomenon for many species (Schutt, 2017). 
Cannibalism is associated with multiple circumstances, including changes in food 
availability, starvation, overcrowding, stress, or availability of victims (Fox, 1975). Polis 
(1981) noted that organisms may be more cannibalistic due to gender, increased age, or 
greater size. Younger organisms, which are smaller and more vulnerable, are preyed upon 
more often (Polis, 1981).  
In birds, cannibalism involves the killing and devouring of eggs, young, or adults 
(Stanback & Koenig, 1992). In wild birds only a few reports of adult-adult cannibalism 
have been made (Stanback & Koenig, 1992). For example, one observer investigated a 
commotion in a forest and witnessed a group of Northwestern Crows (Corvus caurinus) 
attacking and killing one of their own species and eventually consuming the corpse 
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(Andersen, 2004). It is common, however, for adults to eat conspecific eggs and young, 
especially among colonial seabirds (Stanback & Koenig, 1992). Herring Gulls (Larus 
argentatus) are well known to attack the young of neighbors, with observations recorded 
back to at least 1906 (Parsons, 1971; Ward, 1906). Gulls also commonly cannibalize eggs 
of conspecifics (Brown & Lang, 1996; Burger, 1984; Davis & Dunn, 1976; Reichert, 
2015; Stanback & Koenig, 1992). 
 Ultraviolet (UV) light reflectance may influence cannibalism given that UV light 
plays a crucial role in foraging, navigation, and communication for both vertebrates and 
invertebrates (Honkavaara, Koivula, Korpimäki, Siitari, & Viitala, 2002; Tovée, 1995). 
Organisms that see UV light are able to forage by searching for UV light reflected from 
their food sources (Tovée, 1995). For example, Eurasian Kestrels (Falco tinnunculus) 
detect the trails of their prey using UV light reflected from their urine and feces; they 
cannot detect these trails with visible light (Viitala, Korplmaki, Palokangas, & Koivula, 
1995). Similarly, Rough-legged Buzzards (Buteo lagopus) may use UV light for foraging 
(Koivula & Viitala, 1999). They were observed to hunt more over plots sprayed with vole 
scent-liquid that reflected UV light than over control plots (Koivula & Viitala, 1999). 
Although humans cannot see UV light (Bowmaker, 1980; Estey, Piatigorsky, 
Lassen, & Vasiliou, 2007; Tanaka, 2015; Tovée, 1995), the avian cornea allows UV light 
to pass through (Tsukahara et al., 2010). Birds exhibit tetrachromacy or four types of 
cones in the retina. One of these cones is sensitive to the wavelengths of UV light 
(Bowmaker, 1980; Honkavaara et al., 2002; Tanaka, 2015; Tovée, 1995). Tetrachromacy 
allows birds to perceive UV light for egg discrimination and food selection (Viitala et al., 
1995; Yang, Wang, & Liang 2015). Avian hole-nesters produce eggs with higher UV 
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reflectance than open-habitat nesters (Avilés, Soler, & Pérez-Contretas, 2006), and UV 
light may serve as detectable targets for birds to find their eggs in dark nest environments 
(Avilés et al., 2006). Also, UV light may be used by birds to discriminate against eggs of 
brood parasites given that UV light reflectance is different between the host eggs and the 
brood parasite eggs (Abernathy & Peer, 2015; Honza & Polačiková, 2008; Yang et al., 
2013). UV reflectance may be used by aerial nest predators to detect tree nests (Yang, 
Wang, & Liang, 2015). 
On Protection Island, Washington, Glaucous-winged Gulls (L. glaucescens) often 
seize eggs from the nests of conspecifics during Bald Eagle (Haliaeetus leucocophalus) 
disturbances. Sometimes cannibals fly slowly over the colony and seize eggs from poorly 
guarded nests even when there is no disturbance (Reichert, 2015). In a six-year study, 
cannibalism was responsible for 55% of egg losses (Hayward et al., 2014). 
Temporary rises in sea surface temperature, associated with the El Niño-Southern 
Oscillation (Irvine & Crawford, 2011; Strom, Francis, Mantua, Miles, & Peterson, 2004), 
have been linked to increased egg cannibalism in the Protection Island colony (Hayward 
et al., 2014). Given that gulls are surface feeders, the movement of fish to deeper water 
during El Niño events decreases their available food resources (Barber & Chavez, 1983; 
McGowan, Cayan, & Dorman, 1998; Schreiber & Schreiber, 1984). This decrease in food 
may lead to cannibalism, as it does in many species (Fox, 1975; Hayward et al., 2014). 
Understanding cannibalistic behavior during El Nin᷉o events may provide insight into 
how Glaucous-winged Gull populations will respond to long-term increases in average 
sea surface temperature. 
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It is unknown whether Glaucous-winged Gull cannibals preferentially select eggs 
with certain visual features over eggs without these features, including the reflection of 
UV light. I wondered if reflected UV light plays a role in determining which eggs are 
selected for cannibalization. Motivated by this question, I tested whether the survival 
time of chicken (Gallus gallus domesticus) eggs placed in the Protection Island gull 
colony was affected by (1) the color of the chicken eggs (brown vs. white), (2) the day of 
year the chicken eggs were placed in the colony, and (3) whether the chicken eggs were 
UV-blocked or not. To my knowledge, this is the first study to address the potential role 





Protection Island is located at the east end of the Strait of Juan de Fuca, in the 
Salish Sea, Washington, and it serves as one of the most important nesting sites for 
Glaucous-winged Gulls in Washington State (Cowles, Galusha, & Hayward, 2012). I 
studied a colony of more than 2,400 pairs of Glaucous-winged Gulls and Glaucous-
winged x Western Gull (L. occidentalis) hybrids (Hayward et al., 2014) on Violet Point, a 
gravel spit that extends to the southeast (48°07’40’’N, 122°55’3’’W). Because hybrids in 
this colony resemble Glaucous-winged Gulls more than Western Gulls (Megna, 
Moncrieff, Hayward, & Henson, 2014; Moncrieff, Megna, Hayward, & Henson, 2013), I 
refer to all the gulls in this study as belonging to the former species. My experiments 
were carried out from 30 May to 14 June 2016. 
 
Experimental Design 
 The densest parts of the colony were partitioned into five plots, one plot for each 
repetition of the experiment (Figure 1). Vegetation was different in each plot. Within 
each plot there was a range in the number of rocks, logs, shrubs, and of grass height. For 




Figure 1. Map of the Protection Island gull colony. Symbols represent artificial nest 
locations within each plot. Plot 1 (asterisks), plot 2 (stars), plot 3 (pentagons), plot 4 
(push points), and plot 5 (triangles) are numbered in the sequence in which experiments 
were carried out. 
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I selected artificial nest locations within each experimental plot by randomly 
generating numbers (Figure 1; Appendix A). The randomly generated numbers were used 
to specify the number of paces walked along the plot lengthwise (length) and then 
widthwise (width; Appendix A). If a random artificial nest location was located at or 
closer than 1.8 m to a gull nest, the artificial nest location was moved to maintain enough 
distance from the gull nest but to be as close to the original random location as possible. 
A wooden stake was placed beside the artificial nest location and an artificial nest 
constructed of grass and dirt and designed to mimic natural gull nests was placed at that 
location (Figure 2). Fifty artificial nests were placed out for each trial, and the location of 
each artificial nest was recorded with a Trimble 6000 Series Global Positioning System 
with an accuracy of 20 cm. 
The night before each trial, 25 chicken eggs were covered with avobenzone (first 
trial) or Coppertone Water Babies sunscreen lotion (Bayer, Leverkusen, Germany; trials 
two through five) to prevent the egg from reflecting UV light. I started to use Water 
Babies once I realized it blocked more UV light than did avobenzone. For the control, 
another 25 chicken eggs were covered with Vaseline Deep Moisture Creamy Formula 
Petroleum Jelly Cream (Unilever, Rotterdam, Netherlands & London, United Kingdom), 
which provided the eggs with a coating similar to that of the sun-blocked eggs but 
without the UV-blockage (Honza & Polačiková, 2008). 
For the first trial, 25 of the chicken eggs were brown and the other 25 were white. 
Preliminary work was done to test if one color was predated by gulls more than the other 
color, using nests with only one white or one brown chicken egg, and nests with both a   
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brown and white chicken egg. Having observed that gulls did not predate one color 
significantly more than the other during the preliminary nests and during trial one, I used 
only white eggs in trials two through five. I conducted a post-hoc Poisson regression 
analysis to confirm that color was not significant. 
 
Spectrometer 
I used an AvaSpec-USB2/3 spectrometer to measure the UV light reflectance of 
chicken eggs. An UV light source and a 50-mm Avasphere-REFL were connected to the 
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spectrometer, and the Avasphere was placed on the egg to collect the UV-reflected light. 
The Avasphere was not moved during measurement. Before each measurement, the dark 
and light references were updated by placing the Avasphere on a white standard with and 
without light. UV light reflectance data from the Avasphere were processed by AvaSoft 
Version 8.3 software, which produced an excel spreadsheet listing light reflectance (%) 
per wavelength (nm) of the particular location on the chicken egg. The data were then 
used to compare UV light reflectance between one Vaseline-coated egg, one avobenzone-
coated egg, and one Water Babies-coated egg (Figure 3). Only one location on each egg 
was measured for Figure 3. 
 
Data Collection 
 At 0530 on the morning of each experiment, one chicken egg was placed in each 
artificial nest. Numbers one through four were randomly assigned to each nest. One 
represented a control white egg, two represented a white egg treated with UV-blocking 
agent, three represented a control brown egg, and four represented a brown egg treated 
with UV blocking agent (Appendix A). Randomized numbers three and four were used 
only in trial one. By 0600, all 50 eggs were placed in their artificial nests. At 2-hr 
intervals starting at 0730, I or my research assistant walked to each artificial nest and 
recorded the presence or absence of the egg. It took approximately 30 min to check all 50 
artificial nests.  
If a chicken egg was intact but moved just outside the artificial nest, the egg was 
considered present and placed back in the nest. If an egg was found as far as 1 m from the 





Figure 3. UV light reflectance for chicken eggs with Vaseline Deep Moisture Creamy 
Formula Petroleum Jelly Cream, avobenzone, or Water Babies. Chicken eggs coated with 
Vaseline Deep Moisture Creamy Formula Petroleum Jelly Cream still reflected UV light 
whereas avobenzone and Water Babies hindered UV light reflectance. Water Babies was 
more efficient in blocking UV light reflectance than avobenzone. 
 
 
was considered predated. Throughout each trial, at least one person watched the 
experimental plot to make sure the eggs were taken only by gulls and not by ravens, 
crows, eagles, or other predators. The final nest check was begun at 1930. Any eggs still 
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Poisson Regression Analysis 
 I analyzed how long the experimental eggs survived as a function of day of the 
year (DAY), UV light reflectance (UV; 0 = no blocking agent, 1 = blocking agent), and 
egg color (COLOR; 0 = white, 1 = brown), with the Poisson regression model 
(McCullagh & Nelder, 1989) 
log(I)=b0+b1DAY+b2UV+b3COLOR, 
where I was number of data collection time intervals the egg survived. Poisson regression 






Fewer than 20% of chicken eggs were left in their nests at the end of the last 
observation interval of the day (2000 hr). Eggs were predated only by Glaucous-winged 
Gulls. The majority of eggs were taken in the morning (Figure 4 & 5). The modal time 
interval was 0730-0800 with 83 of 245 chicken eggs taken during this time period. There 
were time intervals during which gulls did not take any eggs. The greatest number of 
eggs taken during any time interval was 29 eggs; this occurred from 0730-0800 during 
the trial on June 14. 
 Figure 6 shows the number of eggs taken, number of eggs left, percentage of eggs 
left, and tide height during each time period for each trial. The correlation between tide 
height and percentage of remaining eggs taken was r = -0.318. On average, 24 % of eggs 
available were taken between each time interval. 
 Vegetation cover was different in each area (Figure 7). All areas had grass, 
however they ranged in height from less than 2.5 cm to over 61 cm (Appendix A). Also, 
there was a range in number of shrubs, logs, and dirt.
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Figure 4. Total number of chicken eggs predated during each data collection time 
interval. The 2000+ interval displays the number of eggs never taken. 
 
 
Figure 5. Percentage of remaining chicken eggs predated during each data collection time 
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Figure 7. Comparison of vegetation in trials two through five. Acronym meanings in 
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 Table 1 summarizes the results from the Poisson regression. There was no 
significant difference in the amount of time that brown and white chicken eggs survived 
(p = 0.327). Both experimental and control eggs survived less time during progressively 
later days (p < 0.001). UV-blocked eggs were taken earlier than control eggs (p = 
0.0659). This effect disappeared on days with rain (p = 0.288–0.289); however, this effect 
was more pronounced on the day without rain (p = 0.0312; Table 2). 
 
Table 1. Results from Poisson regression as showing the slope coefficient (b) of each 
factor and its significance (p). Results are for the complete data set. 
Factor b p 
DAY -0.0627 < 0.001 
UV -0.109 0.0659 




Table 2. Poisson regression results with rain and no rain for factor UV, showing the slope 
coefficient (b) and its significance (p). There was only one day without rain (trial four on 
June 12) and all of the chicken eggs placed on that day were white; hence, there was no 
variability in DAY or COLOR for the “no rain” analysis. 
 Data for days with 
rain, regression with 
all factors 
Data for days with 
rain, regression with 
UV only 
Data for days with no 
rain, regression with 
UV only 
b -0.0689 -0.0688 -0.324 







 In this study, I showed that (1) the color of chicken eggs (brown vs. white) placed 
in artificial nests in a gull colony did not affect their survival time, (2) eggs survived less 
time on progressively later days, and (3) UV-blocked eggs were taken earlier than 
controls. This latter effect disappeared, however, on days with rain, presumably because 
the blocking agent did not remain on the eggs. 
 Most gull eggs are olive brown in color with multiple dark spots. Thus, in contrast 
to white eggs, brown chicken eggs are most similar in color to gull eggs. The survival 
time of brown eggs, however was not significantly different from that for white eggs. 
Thus, gulls perhaps selected chicken eggs for predation more on the basis of shape and 
lack of UV light reflectance than on the basis of the egg color. 
At the beginning of the experiment, I observed that chicken eggs were not taken 
immediately by gulls. Some gulls walked by artificial nests, looked at the chicken eggs, 
and slowly pecked at them. Others avoided the artificial nests. After more trials, however, 
I noticed gulls taking chicken eggs more rapidly; they walked over and took an egg or 
flew over a nest and grabbed it. I believe eggs were taken slowly in the beginning due to 
their novelty, but over time more gulls found chicken eggs attainable for food. This likely 
explains why the eggs survived significantly less time during progressively later days. 
Another reason for chicken eggs surviving less time during progressively later days may 
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have been due to development of a search image. A search image is a hypothetical 
perceptual template that allows a predator to increase its ability to detect prey due to 
increased encounters of that prey (Lawrence & Allen, 1983; Tinbergen, 1960). To 
support the search image hypothesis, Pietrewicz & Kamil (1979) presented slides of a 
cryptic moth to Blue Jays (Cyanocitta cristata) which pecked at the moth images. Other 
moth species were used as the control. Over time, the Blue Jays were better at pecking 
the correct slides (Pietrewicz & Kamil, 1979). Likewise, White Leghorn Chicks were 
given cryptic grains of rice, and over time improved their detection of the food (Dawkins, 
1971); Common Blackbirds (Turdus merula) also, improved their detection of cryptic 
prey over time (Lawrence, 1985). During my experiments, gulls may have improved in 
the detection of eggs over time, which is consistent with the hypothesis of search image 
formation. 
Guilford and Dawkins (1987) argued, however that compelling evidence for the 
existence of search images is lacking, and that most published information actually 
supports the search rate hypothesis. Both the search image and the search rate hypothesis 
support the idea that a predator increases its ability to detect prey due to increased 
encounters of that prey. The search image hypothesis, however involves perceptual 
specialization by the predator, whereas the search rate hypothesis involves the predator 
learning to decrease its search rate to detect more prey (Guilford & Dawkins, 1987). 
Slowing down and searching for cryptic prey allows the predator to better detect other 
prey regardless of whether the prey are cryptic or not. With a search image, learning to 
detect one type of prey causes predators not to detect other types of prey as efficiently 
(Guilford & Dawkins, 1987). Given that both gull and chicken eggs are predated by gulls, 
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my results seem to support the search rate over the search image hypothesis. Without 
knowing whether gulls actually took longer to search for chicken eggs than for gull eggs, 
however my results cannot conclusively reject either hypothesis. 
Contrary to expectation, chicken eggs with UV light reflectance blocked were 
taken earlier than controls. Glaucous-winged Gull eggs are dark and probably reflect little 
UV light. Thus, UV-blocked chicken eggs may be more similar to gull eggs than 
untreated eggs. Gulls did not use new or different predation behavior towards the novel 
situation of chicken eggs, but rather they continued to use typical egg cannibalistic 
behavior. 
Not all chicken eggs were taken during the experiment. One reason could be that 
eggs were hidden by an object, such as a bush, or were far enough away from potential 
gull predators to go unnoticed. As mentioned before, vegetation cover was different in 
each plot (Figure 7). Different vegetation covers may have effected how many chicken 
eggs were taken during each trial. For example, trial two occurred in an area with no 
shrubs whereas trials three through five occurred in areas with at least 16 shrubs each. 
Good (2002) found that predator-exclusion fences, set around gull nests lacking 
vegetation, significantly reduced egg loss compared to nests with and without natural 
screens such as drift-wood logs. He also observed that gulls nesting in vegetated habitat 
at Grays Harbor, Washington exhibited significantly higher breeding performance (clutch 
size, hatching and fledging success) compared to gulls nesting in the sand habitat. 
Likewise, Brouwer and Spaans (1994) observed that Herring Gull egg loss decreased 
when there was more vegetation cover, and Burger (1984) discovered that it took longer 
for Herring Gulls to find eggs in a dense bush habitat than those in a grass habitat. 
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During trial four, I noted that aggressive gulls with nests near an artificial nest 
kept other gulls from flying in and retrieving the chicken egg. Thus, the local social 
environment may influence whether an egg is taken. Eggs are defenseless unless they are 
guarded by a parent (Polis, 1981). Parents of other species defend the area around their 
nests as well. For example, female Eastern Bluebirds (Sialia sialis) are highly aggressive 
towards other females during the early stages of nest cycle; this aggression protects 
against egg dumping (Gowaty & Wagner, 1988), and male Gladiator Frogs (Hyla faber) 
in Ribeira᷉o Branco, Brazil defend their nests when there are high male densities, which 
keeps other males from destroying their eggs (Martins, Pombal, & Haddad, 1998). 
From 2006 to 2011, the rate of gull egg cannibalism at Protection Island ranged 
from 14.4% to 41.8% (Hayward et al., 2014). In 2014, the rate of gull egg cannibalism 
was 21.5%, and the rate decreased to 17.3% in 2015 (Hayward, personal communication, 
2017). The lowest record of gull egg cannibalism however was 11.7%, in 2016, the year 
of my experiments (Hayward, personal communication, 2017). This low rate of natural 
cannibalism may have influenced or been influence by the rate of chicken egg predation 
during my trials. 
There was a weak negative or indirect correlation between tide height and 
percentage of remaining eggs taken (Figure 6). There were fewer gulls on the colony 
when the tide was low because more food was available during this time (Henson, 
Dennis, Hayward, Cushing & Galusha, 2007; Henson, Galusha, Hayward, & Cushing, 
2007; Phillips, Damania, Hayward, Henson & Logan, 2005). With fewer gulls on the 
colony, there was a lower threat that their own eggs would be taken. Because the threat 
was lower, gulls may have been more inclined to prey on available chicken eggs. Burger 
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(1984) observed that Herring Gulls made more attempts to steal eggs from non-
neighboring gulls during low tide given that non-incubating gulls were out foraging for 
food and not around to attack or be a threat. When they returned at high tide, however, 
there was more aggressive behavior between neighbors since more gulls were present. 
 An accumulation of chicken eggshells at one location in the colony (Figure 8) 
indicated that at least one gull specialized in preying on experimental chicken eggs 
during my experiments. Accumulations of gull eggshells were also observed in territories 
of “cannibal specialists” in previous years. Cannibal specialists are male gulls that feed 
almost exclusively on cannibalized gull eggs when eggs are available (Reichert, 2015). 
Gull cannibal specialists leave their territories to obtain gull eggs from conspecifics and 
then fly the captured eggs back to their territories to feed (Hayward et al., 2014; Reichert, 
2015). Over time, cannibal specialists will accumulate eggshells from multiple eggs. 
Female gulls have not been observed to steal gull eggs, although they sometimes share in 
eating eggs that males bring to their territories (Reichert, 2015). The presence of gull 
eggshells next to chicken eggshells (Figure 9) at another location in the colony was most 
likely due to predation by a gull egg cannibal specialist that also preyed on the 











Figure 9. Gull eggshells (left) were found next to chicken eggshells (right) in second plot. 





Figure 10. Chicken eggshells found at a cannibal specialist territory. 
 
 
Paynter (1949) hypothesized that gull nests are more poorly guarded and 
vulnerable when gulls have not laid their full set of three eggs, a condition that stimulates 
parental care. If this is true, then gulls may have been more inclined to leave their nests to 
prey on chicken eggs during my trials because early in the season not all nests contained 
complete clutches. Another explanation could be that eggs provide a convenient food 
source for gulls. Ashmole (1963) and Brown (1967) noted that a gull uses less energy 
preying on a neighbor’s egg than making a trip away from the colony to obtain another 
food source (Ashmole, 1963; Brown, 1967). Based on the energy content of 6.7 kJ/g for 
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whole gull eggs (Ricklefs, 1977), and an average mass of 93.6 g for gull eggs on 
Protection Island (Hayward et al., 2014), each egg that is cannibalized at Protection 
Island contains about 627 kJ of food energy. This is almost half the daily energy 
requirement for a gull the size of a Herring Gull (Norstrom, Clark, Kearney, & Gilman, 
1986) 
The fact that UV-blocked chicken eggs were taken earlier than control chicken 
eggs suggests that gull eggs reflecting UV light might have a higher fitness than gull eggs 
that do not reflect UV light. Other aerial predators, such as Bald Eagles, however, may 
use UV light for detecting prey, although we have no data to confirm this. The selection 
of UV-blocked chicken eggs may also suggest that gull cannibals are under selective 
pressure to choose eggs without UV light reflectance. If gull eggs do not in fact reflect 
UV light, such a behavioral trait would allow gull cannibals to detect eggs more 
efficiently. 
Several caveats and notes for future study are in order. First, because it rained 
during each trial except for one, the experiments should be repeated during more days 
without rain. Second, the experimental plots had certain limitations. The entire colony 
could not be utilized at once because it was impossible to protect experimental eggs from 
other predators over such a large area and it would have taken too much time to check all 
the experimental nests every two hours. I chose the experimental plots within dense 
nesting areas of the colony, and once a plot was used, it could not be used again because 
the gulls became experienced. Thus, the experimental plots, and hence the trials, had 
certain differences. For example, some plots exhibited higher nest density than others, 
vegetation was different in each plot, and each plot was worked on a different day. The 
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effects of vegetation and effects of day of year therefore could not be differentiated. 
Future studies should attempt to control for these variables. Third, because of equipment 
difficulties I was unable to measure the UV reflectance of gull eggs, the natural 
degradation of the UV blocking on chicken eggs over time, or the change in UV 
reflectance of UV-blocked chicken eggs after rain. These quantities will be measured in 
future work. 
In conclusion, (1) the color of chicken eggs (brown vs. white) did not affect their 
survival time, which may mean that visible light reflectance was less important than UV 
light reflectance, or the lack thereof, to gull egg predators; (2) eggs survived less time on 
progressively later days perhaps due to the novelty decreasing over time, search image, 
search rate hypothesis, or a combination of these possibilities; and (3) UV-blocked eggs 
were taken earlier than controls, which could be due to UV-blocked chicken eggs being 





Table A1. Location key for table A2 and B2. 
Acronym Acronym Meaning Height 
SSG Super Short Grass Less than 2.5 cm 
SG Short Grass Between 2.5-15.24 cm 
MG Medium Grass Between 15.24-61 cm 
TG Tall Grass Above 61 cm 
D Dirt  
SH Shrub  
R Rock(s)  
L Log  
S Silver Burweed  
SV In short vegetation Not much taller than nest 
rim: 7.7 ± 1.5 cm  
(Hayward & Sandler, 2015) 






Table A2. Presence or absence of chicken eggs for each time period. O represents when egg is taken and * is next to datum 
found only in GPS. Egg types one and two were white with one being control. Egg types three and four were brown with three 
being control. Length and width represent number of paces walked lengthwise and widthwise of plot to randomly place 
artificial nest. 0600 is the data collection time interval 0530-0600, 0800 is the data collection time interval 0730-0800, etc. 
Day of Year Length Width Location Egg Type Stake # 0600 0800 1000 1200 1400 1600 1800 2000 
154 10 52 SV 3 663A Present Present O - - - - - 
154 13 51 SV 4 647A Present Present Present Present Present Present Present Present 
154 47 35 SV 1 676A Present Present Present Present Present Present Present Present 
154 52 27 BS 1 622A Present Present Present Present Present Present Present Present 
154 110 20 SV 1 650A Present Present Present Present Present Present Present Present 
154 117 38 SV 2 649A Present O - - - - - - 
154 132 50 SV 3 618A Present Present Present Present Present Present Present Present 
154 136 48 SV 4 667A Present Present Present Present O - - - 
154 148 14 SV 4 664A Present Present Present Present Present Present Present Present 
154 160 46 SV 2 662A Present Present Present Present Present Present Present Present 
154 163 42 SV 4 673A Present Present Present Present Present Present O - 
154 169 35 SV 1 675A Present O - - - - - - 
154 182 36 SV 3 665A Present Present Present Present Present Present Present Present 
154 184 40 SV 2 656A Present Present Present Present Present Present Present Present 
154 204 53 SV 1 669A Present O - - - - - - 
154 199 4 BS 4 671A Present Present Present Present Present Present Present Present 
154 219 44 SV 2 620A Present Present Present Present Present Present Present Present 
154 224 21 SV 2 654A Present Present O - - - - - 
154 207 3 BS 2 677A Present Present Present Present Present Present O - 
154 214 15 SV 2 678A Present Present Present Present O - - - 
154 212 34 SV 1 623A Present O - - - - - - 
154 * * BS 1 688A Present Present Present Present Present Present Present Present 
154 213 34 SV 3 670A Present O - - - - - - 
154 260 42 SV 3 615A Present Present Present Present O - - - 
154 216 50 SV 1 602A Present Present Present Present Present Present Present O 
154 279 30 SV 4 632A Present Present Present Present Present Present Present Present 






Table A2 Continued. 
Day of Year Length Width Location Egg Type Stake # 0600 0800 1000 1200 1400 1600 1800 2000 
154 258 26 SV 2 659A Present O - - - - - - 
154 298 9 SV 1 666A Present Present Present Present Present Present Present Present 
154 303 51 SV 2 635A Present Present Present Present Present Present Present Present 
154 265 25 SV 3 657A Present Present Present Present Present Present Present O 
154 310 4 SV 4 609A Present Present O - - - - - 
154 277 15 SV 3 644A Present Present Present Present Present O - - 
154 317 * SV 3 639A Present Present Present Present Present Present O - 
154 330 12 SV 2 641A Present OE - - - - - - 
154 294 18 SV 1 633A Present Present Present Present Present Present Present Present 
154 334 0 BS 3 612A Present Present Present Present Present Present Present Present 
154 365 54 SV 1 613A Present O - - - - - - 
154 304 18 BS 2 646A Present Present Present Present Present Present Present Present 
154 356 41 SV 4 661A Present O - - - - - - 
154 361 22 SV 3 643A Present Present Present Present Present Present O - 
154 366 15 SV 4 652A Present Present Present Present Present Present Present Present 
154 * * BS 2 621A Present O - - - - - - 
154 372 26 BS 4 605A Present O - - - - - - 
154 379 3 SV 4 655A Present Present Present O - - - - 
154 385 2 SV 1 640A Present Present Present Present Present Present Present Present 
154 377 27 SV 4 660A Present Present Present Present Present Present O - 
154 399 1 BS 3 674A Present Present Present Present Present OE - - 
154 399 18 SV 2 653A Present Present Present Present Present Present Present Present 
160 4 25 SG/D 1 674C Present Present Present Present Present Present OE - 
160 8 39 MG 1 656C Present Present Present O - - - - 
160 9 17 SG/D 2 646C Present Present Present Present Present O - - 
160 9 55 MG 1 666C Present Present Present Present Present O - - 
160 10 45 MG 1 615C Present Present Present Present Present Present O - 
160 16 4 MG 1 653C Present Present Present Present Present Present O - 
160 26 49 MG 1 605C Present Present Present Present Present Present Present Present 
160 27 51 MG 1 678C Present Present Present Present Present Present Present Present 
160 31 15 MG 2 612C Present Present Present Present Present O - - 
160 58 24 TG 2 669C Present Present Present Present Present Present O - 
160 60 35 MG 1 647C Present Present Present Present Present Present Present Present 






Table A2 Continued. 
Day of Year Length Width Location Egg Type Stake # 0600 0800 1000 1200 1400 1600 1800 2000 
160 67 34 MG 1 675C Present Present Present Present Present O - - 
160 69 27 MG 1 623C Present Present Present Present Present Present Present O 
160 72 40 MG/TG 1 654C Present O - - - - - - 
160 79 44 MG 1 618C Present Present Present Present Present Present Present Present 
160 81 33 MG/TG 2 622C Present Present Present Present Present O - - 
160 96 3 SG  2 635C Present Present Present Present Present OE - - 
160 99 41 MG/TG 1 621C Present Present Present Present Present Present Present Present 
160 105 31 MG 2 633C Present Present Present Present O - - - 
160 112 49 D 1 667C Present Present Present Present Present Present Present Present 
160 114 25 SG/MG 2 641C Present OE - - - - - - 
160 116 19 MG 2 610C Present OE - - - - - - 
160 121 1 SG 2 673C Present Present Present Present O - - - 
160 125 49 SG 1 638C Present Present Present Present Present Present Present Present 
160 139 21 MG 2 664C Present Present Present Present Present Present Present Present 
160 148 49 SG/D 1 663C Present Present Present Present Present Present Present Present 
160 169 29 SG 2 640C Present OE - - - - - - 
160 175 27 SG 2 639C Present OE - - - - - - 
160 177 42 SG/D 1 620C Present Present Present Present Present Present Present Present 
160 178 30 SG 1 657C Present OE - - - - - - 
160 188 20 MG 1 661C Present Present Present OE - - - - 
160 188 10 MG 2 665C Present Present OE - - - - - 
160 191 3 SG 2 616C Present Present OE - - - - - 
160 198 42 SG 1 632C Present Present Present Present Present Present Present Present 
160 200 4 SG/D 2 671C Present Present Present Present Present Present Present Present 
160 200 23 SG 2 613C Present Present Present Present O - - - 
160 200 38 SG/D 1 602C Present Present OE - - - - - 
160 220 19 SG/MG 2 662C Present Present Present Present O - - - 
160 221 7 SG/D 2 660C Present Present Present Present O - - - 
160 223 44 SG 2 650C Present Present Present Present Present Present Present Present 
160 224 25 SG 2 659C Present Present Present Present Present Present Present Present 
160 225 45 SG 2 668C Present Present Present Present Present OE - - 
160 231 16 SG/MG 2 649C Present Present Present Present O - - - 
160 231 24 MG/S 2 677C Present Present Present Present Present Present Present Present 
160 231 30 SG/S 2 644C Present Present Present Present O - - - 






Table A2 Continued. 
Day of Year Length Width Location Egg Type Stake # 0600 0800 1000 1200 1400 1600 1800 2000 
160 243 27 SG 1 609C Present Present Present O - - - - 
160 245 20 SG 1 651C Present Present Present OE - - - - 
160 245 34 SG 1 601C Present Present Present O - - - - 
162 2 34 SSG 2 648D Present O - - - - - - 
162 10 34 SSG 2 658D Present O - - - - - - 
162 11 44 SSG 2 643D Present O - - - - - - 
162 15 8 SG 2 660D Present OE - - - - - - 
162 15 60 SSG 2 655D Present OE - - - - - - 
162 23 9 SG 2 644D Present Present Present Present OE - - - 
162 24 64 SSG/S 1 662D Present Present O  - - - - - 
162 24 50 SSG 2 632D Present Present Present O - - - - 
162 31 46 SSG 2 615D Present O - - - - - - 
162 32 3 SG/S 1 652D Present OE - - - - - - 
162 32 42 SSG/SG 1 664D Present O - - - - - - 
162 36 14 SG 1 663D Present O - - - - - - 
162 41 74 SSG 1 647D Present O - - - - - - 
162 53 76 SSG 2 666D Present OE - - - - - - 
162 54 69 SSG 2 671D Present O - - - - - - 
162 57 45 SSG 1 639D Present OE - - - - - - 
162 61 77 SSG 1 650D Present O - - - - - - 
162 67 66 SSG 2 659D Present O - - - - - - 
162 67 48 SSG/S 1 677D Present O - - - - - - 
162 75 49 SSG 1 653D Present Present Present Present Present Present O - 
162 76 73 SSG 1 609D Present O - - - - - - 
162 76 5 SSG/MG/TG 2 667D Present Present OE - - - - - 
162 86 50 SSG/SH 1 675D Present Present Present Present OE - - - 
162 88 32 SSG/S 1 661D Present Present Present Present Present Present Present O 
162 93 27 SSG 2 669D Present Present Present Present Present Present O - 
162 97 77 SG 2 613D Present Present Present Present Present Present Present Present 
162 102 9 SSG/SH 1 620D Present O - - - - - - 
162 103 50 SG/SH 2 638D Present Present Present Present Present O - - 
162 108 61 SG 1 641D Present Present Present Present O - - - 
162 119 2 SG 1 610D Present Present OE - - - - - 






Table A2 Continued. 
Day of Year Length Width Location Egg Type Stake # 0600 0800 1000 1200 1400 1600 1800 2000 
162 124 14 SG 1 654D Present OE - - - - - - 
162 124 8 SG 2 635D Present Present Present O - - - - 
162 126 24 SG 1 602D Present Present O - - - - - 
162 127 35 SG 1 612D Present Present Present Present O - - - 
162 133 51 SG/SH 2 649D Present Present Present Present Present Present Present Present 
162 143 78 SG/SH 1 657D Present Present Present Present Present Present Present Present 
162 146 43 MG/SH 1 605D Present Present O - - - - - 
162 150 66 MG/SH 2 678D Present Present Present Present Present O - - 
162 151 8 TG 1 621D Present Present Present Present Present O - - 
162 152 14 MG/SH 1 643D Present O - - - - - - 
162 152 78 TG/SH 1 656D Present Present Present O - - - - 
162 153 29 MG/SH 1 646D Present Present Present Present Present Present Present Present 
162 154 24 MG/SH/D 2 618D Present Present Present Present Present Present Present Present 
162 154 83 MG/SH 2 673D Present OE - - - - - - 
162 156 35 MG/SH 2 668D Present Present Present Present Present Present Present Present 
162 174 47 MG/SH 2 616D Present Present Present Present Present OE - - 
162 178 24 SG/SH/L 2 601D Present Present O - - - - - 
162 178 67 TG/SH 2 633D Present Present Present Present Present Present Present Present 
162 180 63 MG 2 674D Present Present Present Present O - - - 
164 1 2 MG/SH 2 677E Present OE - - - - - - 
164 7 2 SG 2 657E Present OE - - - - - - 
164 17 64 SG 1 641E Present Present Present O - - - - 
164 18 9 MG/SH 1 653E Present Present Present Present Present O - - 
164 20 54 SSG 1 656E Present O - - - - - - 
164 22 44 SSG 1 638E Present O - - - - - - 
164 22 50 SG/SH/D 1 661E Present Present Present Present Present O - - 
164 32 65 SSG 2 651E Present OE - - - - - - 
164 34 20 MG 1 678E Present Present OE - - - - - 
164 35 13 MG/SH 1 667E Present Present OE - - - - - 
164 39 3 SG/SH 2 669E Present O - - - - - - 
164 41 11 SG/SH 2 635E Present Present OE - - - - - 
164 43 42 SSG 2 644E Present OE - - - - - - 
164 43 25 SG/SH 2 663E Present O - - - - - - 






Table A2. Continued. 
Day of Year Length Width Location Egg Type Stake # 0600 0800 1000 1200 1400 1600 1800 2000 
164 47 32 SG/SH 1 613E Present Present Present O - - - - 
164 49 40 SSG 1 622E Present O - - - - - - 
164 52 17 MG/SH 2 660E Present Present O - - - - - 
164 53 32 SG/SH 2 610E Present O - - - - - - 
164 57 24 SG/SH 2 673E Present O - - - - - - 
164 58 7 MG/SH 2 639E Present Present Present O - - - - 
164 58 12 MG/SH 1 664E Present Present Present Present Present O - - 
164 76 28 SG/D 2 675E Present Present O - - - - - 
164 85 10 MG 2 601E Present Present O - - - - - 
164 85 20 SG/SH 2 654E Present Present Present Present O - - - 
164 89 32 SSG/SH 1 618E Present Present Present O - - - - 
164 97 34 SSG/R 2 648E Present Present OE - - - - - 
164 99 37 SSG 2 659E Present Present Present O - - - - 
164 101 16 SG/SH 1 662E Present Present Present Present Present O - - 
164 105 54 SSG 2 643E Present Present Present OE - - - - 
164 107 4 SG/SH 2 658E Present Present O - - - - - 
164 109 40 SG 1 649E Present Present Present OE - - - - 
164 109 30 SSG/SH 1 674E Present O - - - - - - 
164 110 47 SSG/D 1 671E Present Present Present O - - - - 
164 112 33 SG 1 620E Present Present Present Present O - - - 
164 116 0 SG/SH/D 2 647E Present Present Present Present O - - - 
164 120 37 SG/SH 2 643Eb Present Present Present OE - - - - 
164 129 6 MG/SH 1 623E Present Present Present Present O - - - 
164 131 39 SG/SH 1 609E Present Present Present Present Present Present Present Present 
164 134 0 MG/SH 1 666E Present Present Present Present OE - - - 
164 139 48 SG 2 652E Present Present Present Present Present Present Present Present 
164 147 30 SG 1 616E Present Present Present Present Present Present Present Present 
164 148 1 MG/SH 1 615E Present Present Present Present O - - - 
164 154 36 SG/SH 1 602E Present Present O - - - - - 
164 156 45 SG/SH 1 632E Present O - - - - - - 
164 160 32 SG/SH 2 655E Present O - - - - - - 
164 167 6 MG/SH 1 650E Present Present Present OE - - - - 
164 178 32 SG 2 633E Present O - - - - - - 






Table A2. Continued. 
Day of Year Length Width Location Egg Type Stake # 0600 0800 1000 1200 1400 1600 1800 2000 
166 1 10 SG/SH 1 650F Present Present Present OE - - - - 
166 8 19 SG/D 1 659F Present OE - - - - - - 
166 10 26 SG/SH/D 1 621F Present Present Present Present O - - - 
166 13 16 MG/SH 2 653F Present Present Present Present Present Present Present Present 
166 18 34 D 1 622F Present Present OE - - - - - 
166 19 18 SG/SH 2 654F Present Present OE - - - - - 
166 19 30 SG 1 675F Present Present O - - - - - 
166 25 12 MG/SH 1 601F Present Present O - - - - - 
166 25 34 SG 2 662F Present OE - - - - - - 
166 36 25 MG 2 646F Present Present Present Present O - - - 
166 39 10 TG/SH 2 673F Present O - - - - - - 
166 43 16 MG 1 647F Present O - - - - - - 
166 45 28 SG/D 1 610F Present Present Present Present Present O - - 
166 46 61 D 2 669F Present O - - - - - - 
166 55 35 SG/SH 1 666F Present O - - - - - - 
166 61 51 SSG/D 1 609F Present OE - - - - - - 
166 73 22 SSG/SH/D 2 661F Present Present Present Present Present Present O - 
166 75 51 SG/MG 1 678F Present Present OE - - - - - 
166 74 3 MG/SH 2 658F Present OE - - - - - - 
166 78 24 MG/SH 1 641F Present OE - - - - - - 
166 80 7 MG 1 663F Present Present Present O - - - - 
166 92 8 MG 1 632F Present O - - - - - - 
166 99 53 SG 2 655F Present OE - - - - - - 
166 103 35 SG/D 1 633F Present Present Present O - - - - 
166 107 16 SG/D 1 615F Present Present Present Present Present O - - 
166 114 11 MG 2 644F Present O - - - - - - 
166 116 33 D/SH 2 649F Present OE - - - - - - 
166 119 8 MG 1 651F Present O - - - - - - 
166 127 51 SG/D 1 652F Present Present Present O - - - - 
166 129 16 SG 2 674F Present O - - - - - - 
166 133 61 SG 2 667F Present O - - - - - - 
166 143 8 SG/MG 1 616F Present O - - - - - - 
166 143 44 SSG/SH/D 2 613F Present Present O - - - - - 






Table A2 Continued. 
Day of Year Length Width Location Egg Type Stake # 0600 0800 1000 1200 1400 1600 1800 2000 
166 145 50 SG 2 620F Present O - - - - - - 
166 148 8 MG/SH 2 643Fb Present O - - - - - - 
166 157 3 SG/SH 1 618F Present O - - - - - - 
166 158 28 SG/SH 2 648F Present OE - - - - - - 
166 168 73 SG 2 664F Present O - - - - - - 
166 170 37 SG 1 656F Present Present Present OE - - - - 
166 173 6 MG/SH 2 639F Present O - - - - - - 
166 178 44 SG 2 635F Present O - - - - - - 
166 183 54 SG 2 657F Present O - - - - - - 
166 187 25 SG 2 677F Present OE - - - - - - 
166 188 12 SG/MG 2 602F Present OE - - - - - - 






Table B1. Key for Table B2. 
UV-Not Blocked/Vaseline 0 
UV-Blocked/Water Babies 1 
White 0 
Brown 1 







Table B2. Data used for MatLab. Time category numbers correlate with time sections in table A2. Time category 9 represents 
eggs never taken by 2000. 
Time Category Nest/Stake # Day of Year UV B/W Tide Height Solar Elevation Eggshell Present Location Rain 
3 663A 154 0 1 0.21 45 0 SV 1 
9 647A 154 1 1 1.603 -8.33 0 SV 1 
9 676A 154 0 0 1.603 -8.33 0 SV 1 
9 622A 154 0 0 1.603 -8.33 0 BS 1 
9 650A 154 0 0 1.603 -8.33 0 SV 1 
2 649A 154 1 0 -0.001 25 0 SV 1 
9 618A 154 0 1 1.603 -8.33 0 SV 1 
5 667A 154 1 1 1.799 62.61 0 SV 1 
9 664A 154 1 1 1.603 -8.33 0 SV 1 
9 662A 154 1 0 1.603 -8.33 0 SV 1 
7 673A 154 1 1 1.814 27.51 0 SV 1 
2 675A 154 0 0 -0.001 25 0 SV 1 
9 665A 154 0 1 1.603 -8.33 0 SV 1 
9 656A 154 1 0 1.603 -8.33 0 SV 1 
2 669A 154 0 0 -0.001 25 0 SV 1 
9 671A 154 1 1 1.603 -8.33 0 BS 1 
9 620A 154 1 0 1.603 -8.33 0 SV 1 
3 654A 154 1 0 0.21 45 0 SV 1 
7 677A 154 1 0 1.814 27.51 1 BS 1 
5 678A 154 1 0 1.799 62.61 0 SV 1 
2 623A 154 0 0 -0.001 25 0 SV 1 
9 668A 154 0 0 1.603 -8.33 0 BS 1 
3 670A 154 0 1 0.21 45 0 SV 1 
5 615A 154 0 1 1.799 62.61 0 SV 1 
8 602A 154 0 0 1.38 8.1 0 SV 1 
9 632A 154 1 1 1.603 -8.33 0 SV 1 
4 638A 154 0 0 0.946 61.33 0 SV 1 
2 659A 154 1 0 -0.001 25 0 SV 1 
9 666A 154 0 0 1.603 -8.33 0 SV 1 
9 635A 154 1 0 1.603 -8.33 0 SV 1 
8 657A 154 0 1 1.38 8.1 0 SV 1 






Table B2 Continued. 
Time Category Nest/Stake # Day of Year UV B/W Tide Height Solar Elevation Eggshell Present Location Rain 
6 644A 154 0 1 2.129 47.37 0 SV 1 
7 639A 154 0 1 1.814 27.51 0 SV 1 
2 641A 154 1 0 -0.001 25 1 SV 1 
9 633A 154 0 0 1.603 -8.33 0 SV 1 
9 612A 154 0 1 1.603 -8.33 0 BS 1 
2 613A 154 0 0 -0.001 25 0 SV 1 
9 646A 154 1 0 1.603 -8.33 0 BS 1 
2 661A 154 1 1 -0.001 25 0 SV 1 
7 643A 154 0 1 1.814 27.51 0 SV 1 
9 652A 154 1 1 1.603 -8.33 0 SV 1 
2 621A 154 1 0 -0.001 25 0 BS 1 
2 605A 154 1 1 -0.001 25 0 BS 1 
4 655A 154 1 1 0.946 61.33 0 SV 1 
9 640A 154 0 0 1.603 -8.33 0 SV 1 
7 660A 154 1 1 1.814 27.51 0 SV 1 
6 674A 154 0 1 2.129 47.37 1 BS 1 
9 653A 154 1 0 1.603 -8.33 0 SV 1 
7 674C 160 0 0 1.88 28.11 1 D/SG 1 
4 656C 160 0 0 -0.295 61.79 0 MG 1 
6 646C 160 1 0 0.633 47.99 0 D/SG 1 
6 666C 160 0 0 0.633 47.99 0 MG 1 
7 615C 160 0 0 1.88 28.11 0 MG 1 
7 653C 160 0 0 1.88 28.11 0 MG 1 
9 605C 160 0 0 2.798 -7.68 0 MG 1 
9 678C 160 0 0 2.798 -7.68 0 MG 1 
6 612C 160 1 0 0.633 47.99 0 MG 1 
7 669C 160 1 0 1.88 28.11 0 TG 1 
9 647C 160 0 0 2.798 -7.68 0 MG 1 
9 643C 160 0 0 2.798 -7.68 0 MG 1 
6 675C 160 0 0 0.633 47.99 0 MG 1 
8 623C 160 0 0 2.725 8.71 0 MG 1 
2 654C 160 0 0 2.063 25.25 0 MG/TG 1 
9 618C 160 0 0 2.798 -7.68 0 MG 1 






Table B2 Continued. 
Time Category Nest/Stake # Day of Year UV B/W Tide Height Solar Elevation Eggshell Present Location Rain 
6 635C 160 1 0 0.633 47.99 1 SG 1 
9 621C 160 0 0 2.798 -7.68 0 MG/TG 1 
5 633C 160 1 0 -0.321 63.27 0 MG 1 
9 667C 160 0 0 2.798 -7.68 0 D 1 
2 641C 160 1 0 2.063 25.25 1 SG/MG 1 
2 610C 160 1 0 2.063 25.25 1 MG 1 
5 673C 160 1 0 -0.321 63.27 0 SG 1 
9 638C 160 0 0 2.798 -7.68 0 SG 1 
9 664C 160 1 0 2.798 -7.68 0 MG 1 
9 663C 160 0 0 2.798 -7.68 0 SG/D 1 
2 640C 160 1 0 2.063 25.25 1 SG 1 
2 639C 160 1 0 2.063 25.25 1 SG 1 
9 620C 160 0 0 2.798 -7.68 0 SG/D 1 
2 657C 160 0 0 2.063 25.25 1 SG 1 
4 661C 160 0 0 -0.295 61.79 1 MG 1 
3 665C 160 1 0 0.814 45.27 1 MG 1 
3 616C 160 1 0 0.814 45.27 1 SG 1 
9 632C 160 0 0 2.798 -7.68 0 SG 1 
5 671C 160 1 0 -0.321 63.27 0 D/SG 1 
5 613C 160 1 0 -0.321 63.27 0 SG 1 
3 602C 160 0 0 0.814 45.27 1 SG/D 1 
5 662C 160 1 0 -0.321 63.27 0 SG/MG 1 
5 660C 160 1 0 -0.321 63.27 0 SG/D 1 
9 650C 160 1 0 2.798 -7.68 0 SG 1 
9 659C 160 1 0 2.798 -7.68 0 Silver burrweed 1 
6 668C 160 1 0 0.633 47.99 1 SG 1 
5 649C 160 1 0 -0.321 63.27 0 SG/MG 1 
9 677C 160 1 0 2.798 -7.68 0 S/MG 1 
5 644C 160 1 0 -0.321 63.27 0 S/SG 1 
5 655C 160 1 0 -0.321 63.27 0 SG/MG 1 
4 609C 160 0 0 -0.295 61.79 0 SG 1 
4 651C 160 0 0 -0.295 61.79 1 SG 1 
4 601C 160 0 0 -0.295 61.79 0 SG 1 






Table B2 Continued. 
Time Category Nest/Stake # Day of Year UV B/W Tide Height Solar Elevation Eggshell Present Location Rain 
2 658D 162 1 0 1.945 25.29 0 SSG 1 
2 643D 162 1 0 1.945 25.29 0 SSG 1 
2 660D 162 1 0 1.945 25.29 1 SG 1 
2 655D 162 1 0 1.945 25.29 1 SSG 1 
5 644D 162 1 0 0.204 63.45 1 SG 1 
3 662D 162 0 0 1.654 45.31 0 SSG/S 1 
4 632D 162 1 0 0.853 61.89 0 SSG 1 
2 615D 162 1 0 1.945 25.29 0 SSG 1 
2 652D 162 0 0 1.945 25.29 1 SG/S 1 
2 664D 162 0 0 1.945 25.29 0 SSG/SG 1 
2 663D 162 0 0 1.945 25.29 0 SG 1 
2 647D 162 0 0 1.945 25.29 0 SSG 1 
2 666D 162 1 0 1.945 25.29 1 SSG 1 
2 671D 162 1 0 1.945 25.29 0 SSG 1 
2 639D 162 0 0 1.945 25.29 1 SSG 1 
2 650D 162 0 0 1.945 25.29 0 SSG 1 
2 659D 162 1 0 1.945 25.29 0 SSG 1 
2 677D 162 0 0 1.945 25.29 0 SSG/S 1 
7 653D 162 0 0 1.165 28.28 0 SSG 1 
2 609D 162 0 0 1.945 25.29 0 SSG 1 
3 667D 162 1 0 1.654 45.31 1 SSG/MG/TG 1 
5 675D 162 0 0 0.204 63.45 1 SSG/SH 1 
8 661D 162 0 0 2.118 8.88 0 SSG/S 1 
7 669D 162 1 0 1.165 28.28 0 SSG 1 
9 613D 162 1 0 2.706 -7.5 0 SG 1 
2 620D 162 0 0 1.945 25.29 0 SSG/SH 1 
6 638D 162 1 0 0.392 48.16 0 SG/SH 1 
5 641D 162 0 0 0.204 63.45 0 SG 1 
3 610D 162 0 0 1.654 45.31 1 SG 1 
2 622D 162 0 0 1.945 25.29 1 SG 1 
2 654D 162 0 0 1.945 25.29 1 SG 1 
4 635D 162 1 0 0.853 61.89 0 SG 1 
3 602D 162 0 0 1.654 45.31 0 SG 1 






Table B2 Continued. 
Time Category Nest/Stake # Day of Year UV B/W Tide Height Solar Elevation Eggshell Present Location Rain 
9 649D 162 1 0 2.706 -7.5 0 SG/SH 1 
9 657D 162 0 0 2.706 -7.5 0 SG/SH 1 
3 605D 162 0 0 1.654 45.31 0 MG/SH 1 
6 678D 162 1 0 0.392 48.16 0 MG/SH 1 
6 621D 162 0 0 0.392 48.16 0 TG 1 
2 643D 162 0 0 1.945 25.29 0 MG/SH 1 
4 656D 162 0 0 0.853 61.89 0 SH/TG 1 
9 646D 162 0 0 2.706 -7.5 0 SH/MG 1 
9 618D 162 1 0 2.706 -7.5 0 MG/SH/D 1 
2 673D 162 1 0 1.945 25.29 1 SH/MG 1 
9 668D 162 1 0 2.706 -7.5 0 SH/MG 1 
6 616D 162 1 0 0.392 48.16 1 SH/MG 1 
3 601D 162 1 0 1.654 45.31 0 L/LG/SH 1 
9 633D 162 1 0 2.706 -7.5 0 SH/TG 1 
5 674D 162 1 0 0.204 63.45 0 MG 1 
2 677E 164 1 0 1.181 25.31 1 SH/MG 0 
2 657E 164 1 0 1.181 25.31 1 SG 0 
4 641E 164 0 0 1.432 61.96 0 SG 0 
6 653E 164 0 0 0.779 48.32 0 SH/MG 0 
2 656E 164 0 0 1.181 25.31 0 SSG 0 
2 638E 164 0 0 1.181 25.31 0 SSG 0 
6 661E 164 0 0 0.779 48.32 0 SH/D/SG 0 
2 651E 164 1 0 1.181 25.31 1 SSG 0 
3 678E 164 0 0 1.411 45.34 1 MG 0 
3 667E 164 0 0 1.411 45.34 1 SH/MG 0 
2 669E 164 1 0 1.181 25.31 0 SG/SH 0 
3 635E 164 1 0 1.411 45.34 1 SG/SH 0 
2 644E 164 1 0 1.181 25.31 1 SSG 0 
2 663E 164 1 0 1.181 25.31 0 SG/SH 0 
3 646E 164 0 0 1.411 45.34 1 MG/SH 0 
4 613E 164 0 0 1.432 61.96 0 SG/SH 0 
2 622E 164 0 0 1.181 25.31 0 SSG 0 
3 660E 164 1 0 1.411 45.34 0 MG/SH 0 






Table B2 Continued. 
Time Category Nest/Stake # Day of Year UV B/W Tide Height Solar Elevation Eggshell Present Location Rain 
2 673E 164 1 0 1.181 25.31 0 SG/SH 0 
4 639E 164 1 0 1.432 61.96 0 MG/SH 0 
6 664E 164 0 0 0.779 48.32 0 MG/SH 0 
3 675E 164 1 0 1.411 45.34 0 SG/D 0 
3 601E 164 1 0 1.411 45.34 0 MG 0 
5 654E 164 1 0 1.095 63.6 0 SG/SH 0 
4 618E 164 0 0 1.432 61.96 0 SSG/SH 0 
3 648E 164 1 0 1.411 45.34 1 SSG/R 0 
4 659E 164 1 0 1.432 61.96 0 SSG 0 
6 662E 164 0 0 0.779 48.32 0 SG/SH 0 
4 643E 164 1 0 1.432 61.96 1 SSG 0 
3 658E 164 1 0 1.411 45.34 0 SG/SH 0 
4 649E 164 0 0 1.432 61.96 1 SG 0 
2 674E 164 0 0 1.181 25.31 0 SSG/SH 0 
4 671E 164 0 0 1.432 61.96 0 SSG/D 0 
5 620E 164 0 0 1.095 63.6 0 SG 0 
5 647E 164 1 0 1.095 63.6 0 SG/SH/D 0 
4 643EE 164 1 0 1.432 61.96 1 SG/SH 0 
5 623E 164 0 0 1.095 63.6 0 MG/SH 0 
9 609E 164 0 0 2.283 -7.35 0 SG/SH 0 
5 666E 164 0 0 1.095 63.6 1 MG/SH 0 
9 652E 164 1 0 2.283 -7.35 0 SG 0 
9 616E 164 0 0 2.283 -7.35 0 SG 0 
5 615E 164 0 0 1.095 63.6 0 MG/SH 0 
3 602E 164 0 0 1.411 45.34 0 SG/SH 0 
2 632E 164 0 0 1.181 25.31 0 SG/SH 0 
2 655E 164 1 0 1.181 25.31 0 SG/SH 0 
4 650E 164 0 0 1.432 61.96 1 MG/SH 0 
2 635E 164 1 0 1.181 25.31 0 SG 0 
2 621E 164 1 0 1.181 25.31 0 SG 0 
4 650F 166 0 0 1.454 62.01 1 SG/SH 1 
2 659F 166 0 0 0.652 25.3 1 D/SG 1 







Table B2 Continued. 
Time Category Nest/Stake # Day of Year UV B/W Tide Height Solar Elevation Eggshell Present Location Rain 
3 660F 166 1 0 0.975 45.34 0 MG 1 
9 653F 166 1 0 1.948 -7.22 0 MG/SH 1 
3 622F 166 0 0 0.975 45.34 1 D 1 
3 654F 166 1 0 0.975 45.34 1 SG/SH 1 
3 675F 166 0 0 0.975 45.34 0 SG 1 
3 601F 166 0 0 0.975 45.34 0 MG/SH 1 
2 662F 166 1 0 0.652 25.3 1 SG 1 
5 646F 166 1 0 1.736 63.72 0 MG 1 
2 673F 166 1 0 0.652 25.3 0 TG/SH 1 
2 647F 166 0 0 0.652 25.3 0 MG 1 
6 610F 166 0 0 1.657 48.45 0 SG/D 1 
2 669F 166 1 0 0.652 25.3 0 D 1 
2 666F 166 0 0 0.652 25.3 0 SG/SH 1 
2 609F 166 0 0 0.652 25.3 1 SSG/D 1 
7 661F 166 1 0 1.422 28.57 0 SSG/SH/D 1 
3 678F 166 0 0 0.975 45.34 1 SG/MG 1 
2 658F 166 1 0 0.652 25.3 1 MG/SH 1 
2 641F 166 0 0 0.652 25.3 1 MG/SH 1 
4 663F 166 0 0 1.454 62.01 0 MG 1 
2 632F 166 0 0 0.652 25.3 0 MG 1 
2 655F 166 1 0 0.652 25.3 1 SG 1 
4 633F 166 0 0 1.454 62.01 0 SG/D 1 
6 615F 166 0 0 1.657 48.45 0 SG/D 1 
2 644F 166 0 0 0.652 25.3 0 MG 1 
2 649F 166 1 0 0.652 25.3 1 D/SH 1 
2 651F 166 0 0 0.652 25.3 0 MG 1 
4 652F 166 0 0 1.454 62.01 0 SG/D 1 
2 674F 166 1 0 0.652 25.3 0 SG 1 
2 667F 166 1 0 0.652 25.3 0 SG 1 
2 616F 166 0 0 0.652 25.3 0 SG/MG 1 
3 613F 166 1 0 0.975 45.34 0 SSG/D/SH 1 







Table B2 Continued. 
Time Category Nest/Stake # Day of Year UV B/W Tide Height Solar Elevation Eggshell Present Location Rain 
2 620F 166 1 0 0.652 25.3 0 SG 1 
2 643FF 166 1 0 0.652 25.3 0 MG/SH 1 
2 618F 166 0 0 0.652 25.3 0 SG/SH 1 
2 648F 166 1 0 0.652 25.3 1 SG/SH 1 
2 664F 166 1 0 0.652 25.3 0 SG 1 
4 656F 166 0 0 1.454 62.01 1 SG 1 
2 639F 166 1 0 0.652 25.3 0 MG/SH 1 
2 635F 166 1 0 0.652 25.3 0 SG 1 
2 657F 166 1 0 0.652 25.3 0 SG 1 
2 677F 166 1 0 0.652 25.3 1 SG 1 
2 602F 166 1 0 0.652 25.3 1 SG/MG 1 
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